Weddell seals were used to study the diet of these seals from the eastern and southern Weddell Sea coast from January to February 1983 and 1985. Fish and Woyciechowski 1981). Quantitative data on food intake as well as data on size of dominant prey organisms taken by individual Weddell seals are sparse and urgently required for different areas and seasons, before more realistic assessments of food consumption can be made.
Introduction
Although the Weddell seal is the best known of the Antarctic seal species, its feeding biology is poorly understood. Weddell seals in general mainly take fish and cephalopods, and only tentative quantitative conclusions are possible at present (Laws 1984) . Almost all studies on the diet of Weddell seals have been carried out in the Ross Sea near McMurdo Station and there is a lack of information for the Atlantic-and Indian sector of the Southern Ocean, with the exception of the Scotia Sea (Clarke and MacLeod 1982; Croxall et al. 1985 ; Lipifiski Studies on Weddell seals were conducted during the 1983 "ANT I" and 1985 "ANT III ~' expeditions of the German R VPolarstern. Field work on sea ice was supported by helicopter. Figure 1 shows the sites where seals were collected along the eastern and southern Weddell Sea coast between Atka Bay and Gould Bay. In 1983, a total of 8 adult Weddell seals (5 males, 3 females) were taken from early January to the end of February between about 11.00-18.00 local time (LT). Thirteen adult Weddell seals (6 males, 7 females) were collected in 1985 from the end of January to mid February during early morning hours between 04.00-09.00 LT. The state of maturity was determined from standard length of seals after Stirling (1971) . Full stomachs were weighed to within 100 g, aboard ship. The pH of the stomach fluid was determined where possible, Stomach and intestine contents were flushed into separate tubs using sea water. Contents were repeatedly washed to separate hard from soft food items and the latter were then carefully decanted through graded sieves. Hard food items such as fish otoliths, bones, eyeballs and cephalopod beaks were retained on the bottom of the tubs and subsequently transferred into black trays. Fish skulls were carefully examined for retained otoliths and the material was sorted and preserved in 70% ethanol for later analysis. Emptied stomachs were again weighed to determine weight of contents. Parasites from the digestive tracts were also collected.
Fish otoliths from stomachs and intestines were identified to species level where possible, using a reference collection. Body length and weight of the prey fish Pleuragramma antarcticum were calculated as follows: All left sagittal otoliths showing no signs of erosion were selected from 6 stomachs containing liquid food pulp. Maximum length of otoliths was measured to the nearest 0.02 mm, under a binocular microscope. Differentiation between intact and eroded otoliths was done empirically. Otoliths with flattened and broken margins or atypically smooth external structures on the usually crenated medial surface were disregarded. Standard length (SL) of P. antarcticum consumed by seals, was calculated by linear regression using the data from fish catches in the same area of investigation (Hubold, personal communication): y (otolith length, mm) = 0.012 x (SL, mm)+ 0.066; (r = 0.98)
The relationship between standard length and wet weight (WW) of P. antarcticum was calculated by exponential regression (Hubold, personal communication) :
Cephalopods were separated into Octopoda and Decapoda (squid) according to beak structure, after Clarke (1962) . Euphausia crystallorophias were identified from the length of maxillipeds. The number of exoskeletons was estimated from subsamples.
Results
Of the 8 Weddell seals collected in 1983, throughout the day, only 1 had a moderately full stomach, containing fish otoliths, bones and eyeballs. The remaining 7 had small amounts of food remains. Of the 13 seals taken in 1985, during early morning hours, 6 had stomachs filled with large amounts of liquid food pulp, sometimes con- taining almost intact specimens of Pleuragramma antarcticum. The pH of the stomach fluid ranged between 5.4 and 5.8. These 6 seals were collected immediately after they had hauled out. Of the rest, 3 stomachs were moderately full and 4 only contained food remains. However, all digestive tracts included identifiable fish otoliths. Data on food item frequencies and prey taxa from whole digestive tracts of the collected Weddell seals are summarized in Table 1 .
Fish were the major food item of all seals, while squid occurred in 5 seals (23.8%) and octopods in 3 seals (14.3 %). Euphausia crystallorophias was found in the intestine of 1 seal (approx. 11500 individuals). A few crustaceans such as amphipods, fish-parasitic isopods and euphausiids were found usually in full stomachs. As they probably originated from digested fish, they were disregarded.
Identifiable fish species were the midwater nototheniids P. antarcticum, Aethotaxis mitopteryx and Dissostichus mawsoni. Other taxa which could be identified were the bottom fish Trematomus spp. and the benthopelagic icefish Channichthyidae. Otoliths of closely related fish groups often show high similarity. Thus, Trematomus could not be determined to species level with certainty, and it is possible that Pagothenia borchgrevinki of the subfamily Trematominae was enumerated as Tre- group, predominated. The number of P. antarcticum, taken by the individual seals ranged between 139 and 508. The intact appearance of some ingested P. antarcticure with standard lengths up to 20 cm indicated that they had been swallowed whole. Figure 3 shows a comparison of the relative frequency distributions of calculated standard lengths of P. antarcticum from the stomachs of 3 seals each from the eastern and southern areas. Size classes were smoothed by running average of three values. P. antarcticum in seals from the southern area had a larger median size (16.5 cm SL) than those from further east (15.5 cm SL). The difference of 1.0 cm SL was found to be highly significant (P < 0.001; Kolmogoroff-Smirnoff test).
The calculated wet weight of P. antarcticum in the 6 stomachs ranged between 4.7 and 16.9 kg (Table 1) ; the mean was 12.8 kg. In 5 seals the calculated weight of fish exceeded the recorded weight of the liquid food pulp by 2.4 to 7.2 kg, while in one seal, the calculated weight was 1.2 kg lower. The calculated weight of all P. antarcticum taken by the 6 seals (n = 2339) was 76.5 kg. Two thirds (50.9 kg) of this weight was made up by the fish in the size classes above the median (16.75-22.0 cm SL).
Almost all digestive tracts were heavily infested by helminth parasites. Cestodes predominated in the duodenal valve, while the anisakid nematodes Contracaecum osculatum and C. radiatum were concentrated in the stomach. Nematode samples, collected in 1983, were examined by Kloeser et al. (in preparation) , who reported a maximum infestation intensity of 122640 nematodes in one seal stomach. Oritsland (1977) , in his summary on the diet of Weddell seals, concluded that they take mainly fish (53%0), followed by cephalopods (11%) and other invertebrates (36O/o). As recorded in those studies, bentho-pelagic channichthyids and bentho-demersal nototheniids other than P. antarcticum, constituted the main food supply of Weddell seals. The first record of P. antarcticum in the diet of Weddell seals was given by DeWitt and Tyler (1960) , who found 14 aduk fish in one seal from McMurdo Sound. Dearborn (1965) positively identified P. antarcticum from 4 of 36 Weddell seal stomachs with food remains, collected at McMurdo Sound during October-April 1958 and 1961. However, fish remains in 34 of these stomachs could not be identified. These may thus also have included P. antarcticum. Recent qualitative studies on faecal droppings (scats) suggest that P. antarcticum is an important food item for Weddell seals in the Ross Sea (Davis et al. 1982; Castellini et al. 1984) . Testa et al. (1985) collected 49 scats in McMurdo Sound during November 1982 and noted that there was a trend toward a high occurrence of P. antarcticum in the diet of Weddell seals outside colonies. Furthermore, P. antarcticure occurred in 26 stomachs of 28 Weddell seal stomachs with food remains collected in the same area during January 1983.
The present study shows the ubiquitous occurrence of the prey fish P. antarcticum in all but three Weddell seals, collected randomly along the ice shelf edge of about 1200 km from Atka Bay to Gould Bay. The large numbers of P. antarcticum and the fairly consistent pattern of size classes taken by individual seals in both the eastern and southern part of the Weddell Sea suggest that fish were encountered in dense aggregations. A. mitopteryx and D. mawsoni, unidentified bottom fish Trematomus spp. and bentho-pelagic channichthyids, as well as squid, octopods and crustaceans (E. crystallorophias) formed the lesser part of the food consumed by seals. The rare occurrence of D. mawsoni in seal samples from the Weddell Sea coincide with the data of Testa et al. (1985) , who pointed out that Antarctic cod in McMurdo Sound do not appear to be an important food source of WeddeU seals for more than a limited time in December. Squid and octopods are apparently also less important to seals in the eastern and southern parts of the Weddell Sea, than in lower latitudes such as the Antarctic Peninsula and the South Shetland Islands, where Weddell seals feed more intensively on cephalopods (Bertram 1940; Clarke and McLeod 1982; Lipifiski and Woyciechowski 1981) . The finding of E. crystallorophias in one seal is of special interest as this is the first direct proof of this species in the diet of Weddell seals, a likelihood which was suggested by Marr (1962) , but could not be verified.
Net-hauls with a scientific krill trawl in the Gould Bay (Hubold and Ekau 1985) yielded different size classes of P. antarcticum at different sampling depths. The authors reported on the high abundance of fingerlings (5.0-11.0 cm SL) in sampling depths between 400 m and surface, while adult fish of about 13.0 to 22.0 cm SL were caught in water depths below 400 and down to 850 m. The pattern of size class distribution at the latter depths is almost identical to that found in the Weddell seals. A shift to larger size classes of P. antarcticum in net-hauls from northeast to southwest in the Weddell Sea (Hubold, personal communication) is also distinguishable and even more pronounced in the distribution patterns of P. antarcticum from Weddell seals out of this region (Fig. 3) .
These observations suggest, that in some areas Weddell seals may have to dive to depths below 400 m in order to secure adult P. antarcticum unless these show some vertical migration. Feeding at these depths appears to be unselective as evident from the almost identical patterns of size class distribution of ingested fish and net catches. Fingerlings which occur at higher densities in upper water layers are underrepresented in the stomachs of seals. The hunting of seals in deeper water corresponds with investigations of Kooyman (1981) who reported that, during the months of October to January Weddell seals in McMurdo Sound commonly dive to 300-400 m and reach a maximum depth of 600 m, essentially the bottom depth of the water where these inves-I01 tigations were conducted. In the southern Gould Bay and eastern Vestkapp area water depths of about 1000 m are common close to the ice shelf edge (Fig. 1) and it is possible that seals are able to dive even deeper than reported by Kooyman (1981) in order to gain the more rewarding prey.
The weight of liquid food pulp from 6 selected stomachs was compared with the calculated wet weight of P. antarcticum consumed by these seals. The calculated weight was higher with one exception, which suggests that digestion of soft fish flesh is rapid and takes place continuously, commencing at the moment of food intake. Erosion of otoliths and other hard fish remains, however, seems to be slow during feeding as indicated by both the high numbers of uneroded otoliths in the full stomachs and the relatively high pH-values of liquid food pulp (pH 5.4-5.8). The latter could be caused by the large quantities of P. antarcticum ingested. It is likely that erosion of hard remains takes place at a more rapid rate during the haul-out period of seals, when digestion of fleshy parts of the fish meal is completed. Otoliths found in intestines and almost empty stomachs were few in number and mostly strongly eroded. Murie and Lavigne (1985) , using Atlantic herring (Clupea harengus) as an experimental diet for captive grey seals (Halichoerus grypus), recovered 100070 of ingested otoliths in the stomachs 2.8h after feeding and none after 18 h. Within 3-6 h a large percentage of otoliths were considerably eroded or even completely digested. Taking these findings into account, the high numbers of uneroded P. antarcticum otoliths from the 6 Weddell seals which were collected immediately after they had come out of the water suggest that the fish had been consumed recently. In addition, the relatively thick otoliths of P. antarcticum are probably more durable than the thin and fragile otoliths of Atlantic herring. Oritsland (1977) tentatively estimated the average daily food intake for Weddell seals to be 18 kg per feeding day. Calculations were based on an average body weight of 250.2 kg per seal and an assumed feeding rate corresponding to 7°70 of the body weight. In the present study the calculated average weight of 6 stomach contents from adult seals was 12.8 kg and the maximum 16.9kg, rather lower than Oritsland's (1977) average weight. Further comparison is impossible, because of the different methods of evaluation of the two studies, but these findings illustrate the need for quantitative data on the intake by seals of dominant prey organisms in different areas and seasons in order to make realistic assessments of food consumption.
In addition, more attention should probably be given to Southern Ocean food chains that do not directly involve krill, Euphausia superba, particularly as this species is sparse in many areas (Hempel 1985) . Krill, unlimited food source in the seasonal pack ice zone of the East Wind Drift, is replaced by E. crystallorophias in the more shallow coastal waters of the permanent pack ice zone in both the Weddell Sea (Hempel 1985 ; Piatkowski, in prep.) and the Ross Sea (Marr 1962 
